). Other muscular classes of transcripts derived from the jeb locus during early to mid embryogenesis. Later in embryogenesis, a components of the mesoderm, the somatic muscles and dorsal vessel or heart, and other mesoderm tissues, fat third, larger, transcript is detected. The two early embryonic transcripts contain the same open reading frame. body and hemocytes, develop normally in jeb mutants (not shown). They differ only in 5Ј and 3Ј untranslated regions. The predicted protein product of the jeb locus contains a Only differentiated muscle contains myosin heavy chain, so the jeb mutation could affect differentiation or secretory signal sequence and a single LDL receptor repeat motif (Figures 2C and 2D ). In the region of the a prior step in visceral mesoderm development. To look at earlier stages, jeb mutant embryos were stained with LDL receptor repeat, Jeb is most similar to two bovine proteins, Sco-spondin and enterokinase ( Figure 2D Figures 6D-6G) protein distribution. First, the truncated, mutant protein were used to monitor a possible Jeb signal from somatic accumulates to lower levels than wild-type protein. Secto visceral mesoderm precursors. The antisera do not ond, visceral mesoderm precursors do not take up the stain embryos homozygous for the P element excision truncated protein ( Figure 7D versus 7E) . The only detectallele (see Supplemental Figure S1 , available online at able protein in mutant embryos is in or adjacent to the http://www.cell.com/cgi/content/full/107/3/387/DC1). cells that make it. The type A LDL receptor repeat, missbap-expressing visceral mesoderm precursor cells that ing from the mutant protein, thus appears to be necesare dependent on jeb function, but do not transcribe sary for Jeb function. jeb, clearly contain Jeb protein (Figures 6F and 6G) .
Jeb protein is secreted from tissue culture cells (FigUptake of Jeb Protein by Visceral Mesoderm ure 6H). Extracts of Drosophila tissue culture cells proIs Dependent on Endocytosis ducing Jeb were compared to protein found in their
The pattern of Jeb protein staining in the visceral mesoderm is qualitatively different from the staining observed medium. The bulk of the Jeb protein was found outside the visceral mesoderm (Figures 7C and 7F) . This demonstrates that Shibire-mediated endocytosis is required for Jeb to accumulate in visceral mesoderm. It also suggests that a specific Jeb receptor may be required for uptake by the visceral mesoderm. The migration defect observed in the rescue experiment could mean that the normal location of the Jeb source conveys positional information to visceral muscle precursors. Consistent with this hypothesis, misexpression of jeb in the visceral mesoderm of jeb heterozygotes produces visceral mesoderm defects. Fas3 expression in these embryos is frequently discontinuous, in contrast to the linear expression in jeb heterzygotes in the absence of Jeb misexpression ( Figure 5N ). These results show that jeb misexpression is sufficient to perturb the migration of visceral muscle precursors and support our model of Jeb functioning as a signal.
Expression of Jeb in the Visceral

A Possible Role for Jeb Signaling in CNS Development or Function
Developmental signals often play multiple roles. jeb appears to function as a novel signal and, like other signals, is likely to be employed in multiple contexts. At stage 16, jeb mRNA is detected in a subset of embryonic neurons that are distributed throughout the ventral nerve cord (Figure 8) . Jeb protein appears in a small set of longitudinal axons of the CNS as well as some lateral axons that exit to the PNS. Jeb signaling in the CNS and PNS may be used for communication among a restricted group of neurons.
In the P element-induced jeb mutant, the protein distribution is strikingly different from wild-type ( Figure 8C  versus 8D ). In the jeb mutants, the protein distribution resembles the pattern of mRNA expression ( Figure 8A ). By extrapolation from the mesoderm results, the altered protein distribution in jeb mutants implies that the axonal The tinman cDNA was inserted into pUAST and transformed into embryos. Transgenic lines were crossed to engrailed-GAL4 or twist-24B-GAL4 drivers obtained from the Bloomington Stock Center.
Antibody Production
Rescue of the jeb mutation used the GAL4-UAS system. jeb cDNA A bacterial GST-fusion protein containing amino acids 41 through inserted into pUAST was transformed into embryos to generate 355 of Jeb was constructed in the expression vector pGEX-4T-1 transgenic lines. Rescue of jeb mutants was accomplished by inter-(Pharmacia) and grown in BL21 cells (Stratagene). The cells, grown crossing two lines both carrying jeb mutations over a balancer that at 26ЊC, were lysed in MTPBS (150 mM NaCl, 4 mM NaH 2 PO 4 , and expresses lacZ in the embryo. One line was homozygous for UAS-16 mM Na 2 HPO 4 ) with 0.2 mg/ml of lysozyme and protease inhibitors jeb on the third chromosome, the other was homozygous for meso-(Protease inhibitor cocktail, Roche). Recombinant protein was pardermal GAL4 drivers on the third chromosome. Mutants were identitially purified by chromatography on glutathione-Sepharose 4B fied by the absence of embryonic lacZ expression. One rescue (Amersham Pharmacia) and further purified by SDS-PAGE. Rabbits experiment was performed with a pan-mesodermal driver, twist-(Josman Laboratories) were inoculated, and 161 days later sacri-24BGAL4. Another rescue experiment was performed with a visceral ficed to obtain serum. Serum was affinity-purified by chromatogramesoderm-specific driver, bap-GAL4 (H.-H. L. and M. Frasch, unphy on an AminoLink (Pierce) agarose column to which purified, published results). bacterially expressed GST-fusion protein had been attached.
